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Energy of the electric field

• Start with a simple example of the loading of a capacitor:

• Power:

• Energy accumulation: 
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• For an ideal plate capacitor it is:

• Per volume the power density results 
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Energy of the magnetic field

• Voltage drop across the coils

• Energy supplied at each instant:

• Ampere’s law: 
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• The energy density ( field energy per volume                       
in the core is thus

• Energy density in a magnetic field of flux density

• The total energy is

• The energy density in  magnetic fields with                  and 
because of                         , is        
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• If the inductance of an arrangement is known, then

• The expressions for the energy density, which were given 
for static fields, are often applied to time varying fields 
as well.  

• Energy density of EM fields: 



Massachusetts Institute of Technology                   RF Cavities and Components for Accelerators                 USPAS 2010 7

Energy transmission by PWs

• We are interested in the energy transmission by a plane 
wave:

• Consider a volume element with area A ⊥ z-axis and 
with infinitely small thickness  ∆z. We will investigate 
the change of energy in this volume element.  

• The energy              in the volume:
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• Since we are interested in the change of energy, we 
differentiate wrt

• Substitution 
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• The rate of the change of energy in the volume            is 
for a very small

with   

This can also be expressed as 

since 
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• For a plan wave             the energy flow is in the       -
direction:

• By similar derivations for the remaining directions we 
obtain the general expression:    
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